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Although Quantum field theory has been very successful in explaining experiment, there are 
two aspects of the theory that remain quite troubling. One is the no-interaction result proved in 
Haag's theorem. The other is the existence of infinite perturbation expansion terms that need to be 
absorbed into theoretically unknown but experimentally measurable quantities like charge and mass 
- i.e. renormahzation. Here it will be shown that the two problems may be related. A "natural" 
method of eliminating the renormahzation problem also sidesteps Haag's theorem automatically. 
Existing renormahzation schemes can at best be considered a temporary fix as perturbation theory 
assumes expansion terms to be "small" - and infinite terms are definitely not so (even if they are 
renormalized away). String theories may be expected to help the situation because the infinities 
can be traced to the point-nature of particles. However, string theories have their own problems 
arising from the extra space dimensions required. Here a more directly physical remedy is suggested. 
Particles are modeled as extended objects (like strings). But, unlike strings, they are composites 
of a finite number of constituents each of which resides in the normal 4-dimensional space-time. 
The constituents are bound together by a manifestly covariant confining potential. This approach 
no longer requires infinite renormalizations. At the same time it sidesteps the no-interaction result 
proved in Haag's theorem. 

PACS numbers: 03.70.-(-k, ll.lO.-z, ll.lO.Cd, 12.20.-m 
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I. INTRODUCTION 

The infinities in perturbative Quantum Field Theories 
(QFT) can be traced to the point-nature of particles. 
If particles could be modeled as extended objects such 
infinities might disappear. String theories consider par- 
ticles to be extended objects and hence they might solve 
the problem. However, string theories have problems of 
their own (for example, extra space dimensions). Renor- 
mahzation schemes have worked, but the mathematics of 
a perturbation theory with expansion terms that are infi- 
nite is not satisfactory - even if these terms are absorbed 
into experimentally measured quantities like charge and 
mass. Here another attempt is made to model parti- 
cles as extended objects - they are seen as composites 
of a finite number of constituent point objects. The fact 
that the constituents are once again point objects does 
not recreate the original problem of infinite perturba- 
tive terms because of some additional caveats that will 
be discussed soon. Each constituent resides in the usual 
physical 4-dimensional space-time. Composites of inter- 
acting point objects were considered to be inconsistent 
with relativity at one timeQ. However, later, more so- 
phisticated mathematical techniques were discovered to 
deal with such composites in a relativistically covariant 
form0,0,0,|^|^. A quantum field theory of such com- 
posites has been used to model hadrons as composites 
of quarks 0- Here a similar formulation will be used to 
create composite models for particles that are tradition- 
ally not considered to be composites (electrons, photons. 
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etc.). 

The proposed composite model of a particle has one 
vertex component with one or two satellite components. 
The vertex and the satellites are interacting point ob- 
jects. A quantum field theory of such composites is a 
second quantized theory but has only first quantized in- 
teractions between satellites and the vertex. This mix 
of first and second quantization can be achieved quite 
seamlessly!^. Some mathematical similarities exist be- 
tween this model and string theories. However, this the- 
ory is significantly easier to visualize as it does not re- 
quire objects to reside in anything other than normal 
4-dimensional space-time. The vertex and satellites are 
somewhat like virtual particles of standard QFT. How- 
ever, not being individually second quantized, they do 
not produce the ill-effects of an infinite number of them 
being created internally. 

Experimentally observed effects like anomalous mag- 
netic moment of electrons and the Lamb shift can be 
explained effectively by the dynamics of the satellites 
within particles. Hence, there is no need for closed loop 
diagrams of the particles themselves. As the closed loop 
diagrams are responsible for the offending infinities, elim- 
inating them would eliminate the infinities. However, 
such diagrams are a natural consequence of perturbation 
theory. They appear due to the assumption that the free 
fields and the interacting fields are related by some uni- 
tary operator Ui. Now, the same assumption also leads 
to the no- interaction theorem of Haag Sj . So it is natural 
to suspect the unitarity of Uj. If Uj were not unitary, it 
would solve two problems at once. Here it is proposed 
that the effective part of [// (call it Vi) be obtained by 
removing from Ui all contributions from closed loop dia- 
grams. This will get rid of all inifinities and at the same 
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FIG. 1: Model of a boson 



time render Vj nonunitary. Hence, the no-interaction 
problem of Haag will also be solved. 



II. THE STRUCTURE OF BOSONS 

In the present model, a bosonic particle is constituted 
of one spin-zero vertex and two spin-half satellites. In 
Feynman diagrams it will be represented as shown in fig- 
ure n The dashed line represents the vertex and the 
satellites are represented by solid lines with arrows. The 
arrows suggest the fermion and anti-fermion nature of 
the satellites. The position and momentum four-vectors 
of the vertex are qo and po3- The positions and mo- 
menta of the satellites are qa and Pa {a = 1,2). It is 
convenient to use coordinates relative to the vertex posi- 
tion and hence we define the following. 
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(1) 

The resulting 24 dimensional phase space can be repre- 
sented as 

5pi = {P,7ri,^2,Q,a,6}, (2) 
where the only nonzero commutators are 

[Q, P] = iv, Ki, T^i] = -iv, [6, 7r2] = wy; (3) 

where rj is the metric with signature ( — I- and units 
are chosen such that h = 1. It has been shown earlier 
that Spi can be canonically transformed to Sp given by 

Sp = {P, ^1 , ttI, ^2^, X, el , , ^i}, (4) 

where P and x are four-vectors representing the momen- 
tum and position of the particle as a whole. iTa and s}! 
are components of tTq and parallel to P and tt^ and 
are projections of tTq and (,a orthogonal to P. These 



components are obtained through the following projec- 
tion operators. 



- P = -P/V-P^, P^ = ri + PP, 



(5) 



where P^ = P P and "•" represents the usual four vector 
"dot" product. Note that P has one suppressed index 
and P"*" has two suppressed indices - the product in the 
definition of P"*" is a tensor product. Then for any four- 
vector V we define 



(6) 



w" is a scalar that is the zeroth component of v in the 
center of mass (CM) frame and is a four-vector with 
no zeroth component in the CM frame. Hence, is 
effectively a three-vector in the CM frame. It is to be 
noted that x is not the position of the vertexQ. It is 
defined to remedy the problem of Q having complicated 
commutators with some of the other members of Sp. The 
result is the following set of non-zero commutators in Sp. 

[X,P]=Z?7, [il4] = -h [ia,^a]=^P^- (7) 

A maximal mutually commuting subset of Sp is 

Sl^{x,^1,Ci,4,C2}- (8) 

Hence, the first quantized wavefunction of the system can 
be written as a function on Sl- 



^ = ^ix,Cl,^i,Cl^i)- 



(9) 



The commutation conditions of equation [7| lead to the 
following differential operator representation of the mo- 
menta. 



and 




iPr, 
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dx°'' 



(11) 



where a is the four- vector index and a the satellite num- 
ber. The four- vector component notation (•••,•••) gives 
the zeroth component as the first argument and the 
three- vector components as the second argument. The 
three-vector operator Va is defined to be the gradient in 
the three- vector space of . 



V„ = 



d d 



(12) 



The wavefunction -0 must satisfy an equation of motion 
for each of the satellites and one for the vertex. The 
one for the vertex can be replaced by the whole particle 
equation. Hence, for free fields, it will be as follows. 



i^oV- = {d.^d^^ - - Ai^) = 0. 



(13) 
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Here, m is the total rest mass of the particle. It includes 
all internal energies. The interaction energies of the satel- 
lites and the vertex are not physically separable. Hence, 
for mathematical convenience, an arbitrary separation is 
made such that the vertex energy in the CM frame is 
chosen as zero. Thus, the CM energy of the particle will 
be the sum of the CM energies of the two satellites alone. 
These can be seen to be the ttq's. However, the rest mass 
771 of the particle is its CM energy. So, 



is a constant parameter that physically tends to zero. 
However, it is needed in situations where 777 = 0. In 
such situations would be zero and hence P would be 
ill-defined unless a positive /i^ is included. 

The equations of motion of the satellites cannot be 
expected to be free field equations. However, they can 
be made to appear like free spin-half fermion equations 
by including an interaction function in the mass term[lO| . 
So, we write 



Dalp = {ja^aa + ma)-tp = 0, 



(15) 



where a =1 or 2 for the two satellites. 7" is a Dirac ma- 
trix that operates on the sector of the wavefunction that 
corresponds to satellite number a. rua is, in general, a 
function of all translation invariant members of Sp which 
excludes only x. However, further conditions must be 
imposed on 777a to maintain the consistency of the three 
equations of motion. This means the three operators Dqj 
Di and D2 must obey the following conditions. 



(16) 



The simplest non-trivial way of satisfying eauation llBl is 
to have 777^ to be a function of alone. 



ma = maiia)- 



(17) 



This 777a acts as a potential energy function that keeps 
the satellites from escaping. 

To obtain an orthonormal basis in the space of 7/1 one 
must define the following universal current as a gener- 
alization of conserved currents in field theories of struc- 
tureless particles. 



f^t" ^ (z/2)7^ 7^72^7/., 
where ip is the adjoint of ip and 



(18) 



1/) 7/> EE 7/i(a^ - 9^)7/. = 7/;(9^?/;) - (a^?/;)7/;. (19) 

This yields the following conserved currents in each of 
the satellite sectors 

^ / f^^Sx^S£,20. ^ / f'^d^x^S^,^, (20) 



where terms like <Px^ represent four-vector hypersurface 
elements in space. The integrations are done over 



arbitrary infinite spacelike hypersurfaces. A similar con- 
served current is obtained for the whole particle. 



(21) 



It is straightforward to prove the following conservation 
equations using the equations of motionQ. 



(14) and 



5aaJ^=0, a =1,2, 



d^r = 0. 



(22) 



(23) 



All three conserved currents lead to the same conserved 
charge. It is given by 



Qee y'j^^'^d^aad'^/srf' 



(24) 



Due to the conservation equations [221 and |2S1 it can be 
seen that the three integrations over space-like hypersur- 
faces are independent of the choice of any specific hy- 
persurface. Hence, for convenience, we choose the ^aa 
hypersurfaces to be orthogonal to the total momentum 
P. This makes sure it is purely spatial in the CM frame. 
So, we replace d'^^aa by d^^^ and 7" by 7I where 

7,^ = -7aaP". (25) 

For the d^x^ integration we choose the purely spatial 
components x in the laboratory frame. Hence, d'^ can be 
replaced by 9°. This gives the conserved charge to be 

Q = i-i/2) J^do jhlH'iid'^i^d'^. (26) 

This conserved charge suggests the following natural 
norm for the Hilbert space of 7/;. 



(7/;,7A) = -7/2 / ij do -fl^^HHid'^id'^ 



(27) 



This leads to the following definition of the inner product. 
(0,7/;) = -7/2 f4>do jhl^'^td'^^d^K. (28) 



The above inner product definition allows us to identify 
the following orthonormal basis for the set of solutions of 
the equations of motion. 

■ exp[-i£;i^| - iE24] exp{ik ■ x), (29) 

where k is the four-vector eigenvalue of the total mo- 
mentum P, k is its three- vector part and k° is its zeroth 
component. Ea is the total energy of the a-th satellite. 
So it is the eigenvalue of ttq. Note that Ei + E2 = m, 
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but it can be negative. This requires the usual explana- 
tion of an antiparticle being a particle going backward in 
time. So the physically measurable mass is still positive. 
For 'ip]iEiE2 to be a solution of the equations of motion 
in the satellite sectors, ^^2, must satisfy the 

following eigenvalue equations for a — 1,2. 

Ha^iE,,E2,^i,^^) ^ E^^fiE^.E^At^i), (30) 
where 

Ha^a:^ ■T^a+ iTa^a, = -^ha ^ (31) 

with "II" and "_L" superscripts given the meaning of equa- 
tion It is to be noted that i?2, Ci^, ^^) also de- 
pends on spin and orbital angular momentum quantum 
numbers due rotational symmetry. The labels for these 
quantum numbers are suppressed for brevity of notation. 
Also, the spectrum for Ea is expected to be discrete as ttIq 
produces a confining effect. For ipuEiE2 to be a solution 
of the whole particle equation of motion, the following 
must be satisfied. 

fc" = ^yk^ + {Ei+E2r. (32) 

may be normalized in the usual fashion. 

J ^{E[,E'„^t,i^)^hl^{E,,E2,^t,^2)d'i.td'^i = 

= Se[EiSe'^E2, (33) 

where Se'e is the Kronecker delta and, once again, the 
angular momentum labels are suppressed and understood 
to be included in the corresponding energy label. Using 
these conditions, it can be verified that the 'ipkEiE2 are 
truly orthonormal. 

ii^k' E[ E'^ , V'kiJi ) = (Jis; (Jb^ £2 (5(k' - k) , (34) 

where (5(k' — k) is the Dirac delta. 

Now we are ready for second quantization. The stan- 
dard prescription for canonical quantization will be used. 
However, it is critical to note that individual satellites 
and the vertex are not second quantized. It is the whole 
particle wavefunction ip that is second quantized. The en- 
ergies and angular momenta of the satellites are treated 
as extra degrees of freedom (quantum numbers) of the 
whole particle wavefunction. 

First, a Lagrangian for the particle field is defined as 
follows. 

C = - [ V^tI'tI' [d^^cF +m'W'^id'^t, (35) 




satellite 



FIG. 2: Model of a fcrmion 

where the Hermitian adjoint ^/^^ is related to the adjoint 
-0 as follows. 

V'^ = ^(z7i')(*7|)- (37) 

Then, from the spin-statistics theorem, one concludes 
that the second quantization condition can be written 
symbolically as the following equal-time commutator. 

[^,0]=z<5, (38) 

where the (5 is a delta function over all degrees of freedom. 

Now, ip can be expanded in terms of the basis set of 
equation 1291 as follows. 




•exp[-i^iel' -4^2^^] • 
•[6(k, Ei,E2)exp{ik-x) + 

+d*ik,Ei,E2)exp{-ik- x)]. (39) 

As in usual field theories, the b and d* coefficients are 
used to separate particle and antiparticle states, d* rep- 
resents the Hermitian adjoint of d in a field operator 
sense. Then, the quantization condition of equation 1381 
reduces to the following (as before, the energy labels are 
understood to include angular momentum labels). 

[bik,E^,E2),b*ik',E[,E'2)] 

= -[d*{k,E^,E2),dik',E[,E!2)] 

= S'ik-k')dE'^EjE'^E2, (40) 

and all other commutators of b, b* , d and d* vanish. This 
allows the building of the usual Fock space with 6* being 
the particle creation operator, b the particle annihila- 
tion operator, d* the antiparticle creation operator and 
d the antiparticle annihilation operator. The necessary 
vacuum state can be shown to be stableM. 



where m is given by eauation ll4l The momentum con- 
jugate to would then be 



III. THE STRUCTURE OF FERMIONS 



A fermionic particle is also modeled as a composite. 
However, for this composite, the vertex is spin-half in- 
stead of spin-zero and there is only one satellite which is 
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spin-zero instead of spin-half. In Feynman diagrams it 
will be represented as shown in figure|21 The coordinates 
for the vertex and the satellite can be chosen in a fashion 
similar to bosons. The phase space Sp is as follows. 



(41) 



where P and x are the momentum and position of the 
whole particle and tt and ^ are the momentum and posi- 
tion of the spin-zero satellite. The non-zero commutators 
are as follows. 



(42) 



The wavefunction ^ is a function of a maximal mutually 
commuting subset of Sp as follows. 



(43) 



The commutation conditions of equation 1421 lead to the 
following differential operator representation of the mo- 
menta. 



z(-7rll,7r^) = aia^ ( 



and 



(44) 



(45) 



V is the gradient operator in the three-vector space of 
. The spin- half vertex equation of motion written as 
the whole particle equation should be akin to the Dirac 
equation. So, it is chosen to be as follows. 



Do-iP = (7"aa + m)V' = 0, 



(46) 



where, as before, the CM energy of the vertex is chosen 
to vanish and hence the rest mass of the whole particle 
becomes the CM energy of the satellite. 
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(47) 



The spin-zero satellite has an equation of motion as fol- 
lows. 



= (^i^af - m?)V = 0, 



(48) 



where mi includes a confining potential for the satellite. 
So, 



mi = mi(^-'-). 



This form of mi ascertains the consistency of the equa- 
tions of motion as seen in equation 1161 

The universal current for fermions would then be given 

by 



This helps define the conserved charge as 
Q = j f^Si^d^Xo, = (1/2) j 4,d\ fil^d^i^d^T^. (51) 



Then the inner product is seen to be 



6, V) = 1/2 I (j) d\ -f^ipd^^-^d^x. 



(52) 



This allows the following orthonormal basis for the solu- 
tion set of the equations motion. 



C^) cxp[-iE^^Urik) exp{ik-x), 



for positive energy states and 



(53) 



£:fc"(27r) 



r4'(i;,C )exp[-i£;Cll]ur(fc) exp(— ifc-xj 

(54) 

for negative energy states. Here Ur{k) and Vr{k) are 
the usual free-field Dirac equation solutions with r = ± 
giving the two possible spin states. It is to be noted 
from equation 1471 that m = .E, as £' is an eigenvalue of 
tt'I. Hence, the normalization factor above simplifies to 
((27r)3fco)-i/^ Also, fco is found to be 



(55) 



and ^'(i?, ^^) must satisfy the following eigenvalue equa- 
tion. 



where 



= ^(7r^)2+m2. 
^ can be normalized as follows. 



J ^*iE',^^)^iE,C^)d'^^ = Se' 



(56) 



(57) 



(58) 



Now we are ready to second quantize these fermion 
fields. The Lagrangian is 

C = -(1/2) J ^dl [7"9„ + m]Vd3^^ 

i'dl [-f°'da+m]^d^^'^. (59) 



(60) 



(49) So the momentum conjugate to ^ is 



djC 



a(aoV) 



Symbolically, the second quantization condition is given 
by the following anticommutator. 



^ (i/2)v; 7"V'. 



(50) 



(61) 
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All other anticommutators are zero. Anticommutators 
are used here in keeping with the spin-statistics theorem. 
In terms of creation and annihilation operators this rela- 
tion can be written as 

{b{k,E,r),b*{k',E\r')} - {d{k, E,r),d* {k' , E' ,r')} ^ 

= S^{k-k')SE'ESr'r, (62) 

where b and d are defined as the following expansion co- 
efficients of ip in terms of the orthonormal basis. 

E r 

(63) 

All anticommutators of b, b* , d and d* other than the 
ones in equation 1621 vanish. 



IV. INTERACTION CENTERS 

The composite particle models described in the last 
two sections can be generalized further. One may have 
a spin-zero vertex with any number of spin-half as well 
as spin-zero satellites. Similarly, a spin-half vertex may 
have any number of spin-zero or spin-half satellites. As 
a result, the photon, the W^, the Z and all mesons can 
be modelled as bosonic composites while the electron, 
the muon, the tau, all neutrinos and all baryons can be 
modelled as fermionic composites. 

However, at present, I shall consider only electromag- 
netic interactions. The photon is a composite boson and 
the electron a composite fermion. The fermionic satel- 
lites of a free photon will have energies that are equal in 
magnitude but opposite in sign. This gives the photon a 
zero rest mass. The following interaction Lagrangian can 
describe all experimentally observed interactions. 

■lcd,[d'^i dl]Mx,C2), (64) 

where ip is used to represent fermion fields and 4> for bo- 
son fields. The spinor indices are written explicitly and 
indices like a are used to label adjoint spinor indices. In- 
dices like a and a used here are not to be confused with 
the satellite number index used in section ^ Contrac- 
tions are over a and a, b and b etc.. (f) is the adjoint of 
(f> for only the second satellite sector. Hence, c is used to 
denote the second spinor index, e is the electron charge. 
The integration variables S,^ and are coordinates or- 
thogonal to the corresponding electron momenta and not 
the photon momentum. 

In Feynman diagrams the effects of Ci will be called 
the interaction centers instead of vertices as they are usu- 
ally called. This is because the name vertex has been 
used for a component of a composite particle. Figure |2| 
shows the diagram for such an interaction center. Note 



electron out 




photon 



electron in 

FIG. 3: Interaction center for QED. 

that the diagram shows a coupling of the coordinates of 
the two satellites of the photon to the satellites of the two 
electrons. This accurately describes Ci as shown in equa- 
tion 1^ Equation |^ also shows a coupling of spins of 
each photon satellite to each of the two electron vertices. 
They are mediated by the two 7^ matrices. This is repre- 
sented in the diagram by the intersections of the fermion 
lines. In usual field theories, it is known that fermion 
lines do not begin or end at an interaction center. Here, 
that is still true. However, little pieces of the fermion 
lines extend out from the intersection points (marked by 
circles) to represent their couplings to bosonic compo- 
nents. One way of visualizing this is to consider the pho- 
ton to be forming a fermionic current due to its fermionic 
satellites. It is given by 

= '^&E(a;,Ci,C2)7cd>- (65) 
The current of the electron fields would be 

J^-,{x, a, 6) = 4(x, 6) dl M^, 6)- (66) 

Then the interaction can be seen as an interaction of two 
currents: 

= ^d1,(2^-ei,6)Ad>(a:,6,6)rf'ei^d'C2^. (67) 

At the same time, it is also noticed that ^M;i(a;,^i,^2) 
is the composite particle analog of the usual vector field 
Afj_(x) representing photons. 

At first sight, the above choice of an interaction center 
may seem arbitrary. However, closer inspection shows 
that there aren't too many other choices. Some of the 
natural restrictions on Cj are as follows. 

• It must be Lorentz invariant. 



7 



• It must be a natural extension of the free field La- 
grangians of both photons and electrons. 

• It must be symmetric in the two electron lines. 

• It must agree with all experimentally verified re- 
sults of usual QED. 

• No fermionic line (satellites or vertex) can end at 
the interaction center. 

• The photon field should not appear as a pure gauge. 

The following is a slight variation of £/ that satisfies all 
but one of the above restrictions. 

■Jd-c,[d'i^ dl]Mx,^2). (68) 

Here the spinor indices of the photon satellites couple 
with each other and the two electron spins couple with 
each other. This form of the interaction will not be dis- 
cussed any further here as it does not produce the experi- 
mentally observed anomalous electron magnetic moment. 
It only produces a finite charge renormalization. Hence, 
it can be ignored. 

V. PERTURBATION THEORY AND HAAG'S 
THEOREM 

Using the interaction described by eauationl64l for IBS)) 
one can find scattering matrix elements for QED interac- 
tions. However, only tree diagrams need be considered. 
The effects of closed loops in diagrams are completely 
included in the interaction center. So, instead of infi- 
nite loop integrals we will have integrals over internal 
coordinates like and If the field operators are 
expanded in terms of the basis sets (equations 123 [HSI 
and I54() , these integrals will produce summations over 
the bound state energies (and angular momenta) of the 
satellites. As these energies are discrete, the summations 
are likely to produce finite results. This is qualitatively 
similar to Planck's derivation of the blackbody radiation 
spectrum - a summation over discrete energies produced 
the correct finite result instead of the infinite result of 
Raleigh-Jeans obtained by integration over continuous 
energies. 

Physically, this makes sense as the virtual particles of 
loop diagrams are like internal bound particles. So, their 
states should be expected to display a discrete spectrum. 
But in traditional QED there is no way of recognizing 
this feature and hence, it produces infinite integrals for 
closed loops in diagrams. In the composite particle QED 
formulated here, this discreteness appears naturally and 
hence, it is likely to produce finite results. 

However, strict adherence to perturbation theory re- 
quires the use of the interaction picture. This will still 



produce closed loop diagrams of composite particles. So, 
here we need to deviate from the interaction picture as 
follows. 

Of all possible Feynman diagrams pro- 
duced by the interaction picture, only the tree 
diagrams will be considered physical. 

This assumption does not weaken the theory in any 
way as the effects of the closed loop diagrams are included 
in the internal structure. At the same time, it avoids in- 
finite renormalizations. It also has an unintended, but 
highly desirable, side effect - Haag's theorem 8] is no 
longer an impediment. Let Uj be the usual unitary op- 
erator that transforms free fields to interacting fields. In 
the present formulation, we are keeping only tree dia- 
grams. This means we are keeping only a part of J7/ - 
say Vj. This Vi will not be unitary and hence, Haag's 
theorem is no longer valid in this formulation. 

VI. QED - AGREEMENT WITH EXPERIMENT 

To find experimental consequences of the present for- 
mulation, we shall compute the magnetic moment of the 
electron. For lowest order effects we compute the inter- 
action energy of an electron and a photon field while all 
satellites are in their ground states. Let the incoming 
electron have a momentum p, the outgoing electron a 
momentum p' and the incoming photon a momentum q. 
Then, integrating Cj of equation 1641 over d'^x produces 
the Dirac delta 6{p' — p — q). Hence, 

q = p' — p. (69) 

The remaining part of the integral is the interaction en- 
ergy of interest. It is 

Hi = Mp'h^-^WtmicdMP)- (70) 

where Ua{p'), and Ud{p) are Dirac spinor components for 
the outgoing and incoming free electrons. Also, 

= j vI'*(i?o,ei^)*6(eo,ei^')d'$i^, (71) 

W^e = y ^{Eo,^i)^,{eo,^i')d'S.t (72) 

Here is the ground state energy of the electron satel- 
lite and Co that of each of the two photon satellites. ^' is 
the electron satellite ground state wavefunction and '^b 
the ground state wavefunction of one of the two photon 
satellites, ^'b is obtained by separating the photon of 
eauation ltjUl into the two separate satellite wavefunctions. 
The are components of in a hypersurface orthog- 
onal to the corresponding electron momentum. The 
are components of in a hypersurface orthogonal to the 
corresponding photon momentum. To compute the inte- 
grals of equations[2]and[721 one needs the mass functions 
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of eauationsll7landl49l Explicit forms for these functions 
will be introduced in a later article. For now, it is to be 
noticed that one may write 



(73) 



where /f,j is the identity for Dirac spinors and (q) can 
be interpretted as the momentum representation of the 
usual electromagnetic vector potential for a momentum 
q. The Af,j provides the anomalous magnetic moment. 
For this to agree with experiment in lowest order one 
must have 



A 



bd 



lbdu<l 



(74) 



where a is the fine structure constant. A complete com- 
putation of Aj,j will be presented in a later article. 



VII. CONCLUSION 



A quantum field theory of composite electrons and 
photons is suggested. It is distinctly different from string 
theories in many ways - in particular, it does not re- 
quire space-time to have dimensions greater than four. 
It also does not require infinite renormalizations. As a 
side-effect, the no-interaction result of Haag's theorem is 
avoided as well. Experimentally testable aspects of usual 
QED (anomalous electron magnetic moment. Lamb shift 
etc.) are expected to be reproduced in this theory. 
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